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Background: Helicobacter pylori (H. pylori) infection and chronic obstructive pulmonary disease (COPD) are both common global public
health burdens. Current evidence suggests that H. pylori infection may be associated with the development and progression of COPD.
Methods: This study conducted a meta-analysis to systematically evaluate the association between H. pylori infection and COPD risk.
Eight Chinese and English databases were searched through September 2025. We then performed two-sample Mendelian randomization
(MR) using genetic instruments for H. pylori antibody phenotypes and COPD GWAS summary statistics to test bidirectional causality.
Results: A total of 27 studies were included, comprising 7159 participants. Compared with controls, COPD patients had a higher
H. pylori positivity rate (RR = 1.43, 95% CI: 1.25-1.60, P < 0.00001). Among COPD patients, H. pylori positivity was associated with
poorer lung function (FEV/FVC: MD = —6.75, 95% CI: —9.17 to —4.34, P < 0.00001; FEV%: MD = —9.34, 95% CI: —12.61 to —6.07,
P < 0.00001; FEV;: MD = —0.16, 95% CI: —0.23 to —0.09, P < 0.00001; FVC%: MD = —5.29, 95% CI: —=9.76 to —0.81, P = 0.02;
FVC: MD = —0.15, 95% CI: —0.28 to —0.01, P = 0.03). Compared with patients with severe-to-very severe COPD, those with mild-to-
moderate COPD had a lower prevalence of H. pylori infection (RR = 0.75, 95% CI: 0.59-0.96; P = 0.02). However, the two-sample
MR analysis did not find evidence of a bidirectional causal relationship between H. pylori antibodies and COPD.

Conclusion: The study shows that H. pylori infection is more prevalent among patients with COPD and is associated with reduced
lung function and greater disease severity, but no genetic evidence of causality was identified. Therefore, based on current evidence,
routine H. pylori screening or eradication therapy is not recommended in the general COPD population.
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Introduction

COPD is a progressive inflammatory airway disease caused by long-term exposure to toxic particles or harmful
gases through active or passive inhalation, leading to small airway injury and destruction of the pulmonary
parenchyma accompanied by persistent chronic inflammation.' Globally, COPD affects more than 400 million
individuals and is the third leading cause of death, with substantial regional disparities in prevalence, risk factors,
and temporal trends.” By 2050, the number of COPD cases is projected to rise to approximately 592 million,
representing a 23.3% relative increase.>* Due to differences in tobacco consumption, educational attainment,
indoor and outdoor air pollution, demographic structure, and healthcare accessibility, the burden of COPD in
low- and middle-income countries is expected to more than double that in high-income countries.>* With
continuous updates in expert consensus and clinical practice guidelines, the prevention and management of
COPD have been shifting from disease-centered treatment toward a full life-course health management model,
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emphasizing early screening, early intervention, and forward shifting of preventive strategies.” Against this back-
ground, chronic infection by inflammatory pathogens has become an important research focus as a potential
upstream risk factor for COPD.°

The “gut—lung axis” refers to the bidirectional interaction between the gastrointestinal tract and the lungs in immune
homeostasis and susceptibility to disease.”® It plays an important role in regulating inflammation in both acute and
chronic respiratory diseases. Dysbiosis of the gut microbiota not only damages the gastrointestinal mucosal barrier and
local immune function but may also promote the development and progression of COPD through systemic inflammatory
mediators and immune signaling pathways.”® In the gastrointestinal tract, H. pylori is one of the most prevalent
pathogenic bacteria, particularly in Asian populations, where the infection rate is substantially higher.” H. pylori can
chronically colonize the gastric mucosa and elicit local inflammation, accompanied by increased pro-inflammatory
cytokines such as IL-6 and TNF-a and higher circulating inflammatory markers including C-reactive protein, consistent
with a state of chronic low-grade systemic inflammation.'® It has shown significant associations with diseases involving
the immune, cardiovascular, hepatobiliary, neurologic, hematologic, endocrine, ophthalmologic, and gynecologic
systems.”!® In the respiratory system, H. pylori has increasingly been considered a potential upstream inflammatory
trigger in COPD pathogenesis. An observational study including 710 participants reported a markedly higher prevalence
of H. pylori infection in patients with COPD compared with healthy controls, suggesting that infection may contribute to
lung function deterioration in this population.'' However, another study including 603 participants reported no significant
association between H. pylori infection and COPD in regions with high infection prevalence and found no meaningful
impact on the rate of lung function decline.'> A previous meta-analysis of observational studies conducted before 2022
suggested a statistical association between H. pylori infection and COPD; however, most included participants were
individuals with chronic bronchitis or early-stage disease not strictly diagnosed according to current GOLD criteria, and
Chinese studies with high infection prevalence were largely absent. Consequently, the findings were limited by regional
and representativeness bias, relatively low evidence quality, and a lack of contemporary data.'?

In recent years, a growing body of evidence has suggested that H. pylori infection may be associated with the risk of COPD;
however, the available findings remain inconsistent. Meanwhile, differences between Asian and Western populations in H. pylori
virulence profiles, lifestyle factors, and shared environmental exposures may contribute to geographic heterogeneity across
studies, leaving the relationship inconclusive. Given that observational studies are susceptible to confounding by smoking,
socioeconomic status, and co-exposures, we first performed a meta-analysis to systematically quantify the strength of the
association and then complemented it with bidirectional Mendelian randomization to mitigate confounding and reverse
causation, thereby jointly exploring the potential causal link between H. pylori infection and COPD risk. If this relationship is
further confirmed, it may inform upstream risk management strategies for COPD by motivating the evaluation of H. pylori
screening and eradication in COPD populations to reduce disease onset or slow progression.

Methods

Search Strategy of Meta-Analysis

This meta-analysis was prospectively registered in PROSPERO (CRD420251166169). The review was conducted in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.'
A comprehensive literature search was performed across eight databases, including PubMed, Embase, the Cochrane
Library, Web of Science, CNKI, Wanfang, VIP, and the China Biomedical Literature Database, covering all available
records up to September 2025. To minimize the risk of missing potentially eligible studies, supplementary searches were
also carried out in Google Scholar, ClinicalTrials.gov, and the Chinese Clinical Trial Registry (ChiCTR). Details of the
search strategy are provided in Supplementary Material S1.

Study Selection

Two investigators (YX and JL) independently performed manual literature screening and data extraction, with cross-checking of
the results. Any disagreements were resolved through discussion or, when necessary, adjudicated by a third reviewer (JL). The
screening process involved an initial assessment of titles and abstracts, followed by full-text review to determine final eligibility.
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Eligibility Criteria

The inclusion criteria were as follows: (1) studies evaluating the association between H. pylori infection and the risk,
prevalence, incidence, or severity of COPD; (2) clearly defined diagnostic methods for H. pylori, including serological
testing, urea breath test, stool antigen detection, rapid urease test, histological examination, or PCR-based molecular
assays; (3) COPD diagnosed according to internationally recognized criteria, such as the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines or International Classification of Diseases (ICD) codes; (4) availability of
original data necessary for the outcomes of interest; (5) human population—based studies, including cross-sectional, case—
control, or cohort studies published in peer-reviewed journals; (6) no restriction on language.

The exclusion criteria were as follows: (1) reviews, commentaries, conference abstracts without extractable data, case
reports, and animal or in vitro studies; (2) studies without clearly reported diagnostic criteria for H. pylori or COPD; (3)
duplicate publications; when multiple reports involved the same study population, only the most complete or the most
recently published version was included.

Quality Assessment

All included studies were assessed using the quality assessment tools for observational studies developed by the National
Institutes of Health (NIH)."> These tools provide respective checklists for cross-sectional, cohort, and case—control study
designs, and comprehensively evaluate methodological quality in terms of participant selection, measurement of exposure and
outcomes, control of confounding factors, and completeness of reporting. Based on the total score, each study was classified as
“good”, “fair”, or “poor”, reflecting its overall risk of bias and internal validity.'> This approach ensured a more systematic and
objective assessment of study quality and strengthened the reliability and robustness of the meta-analysis findings.'”

Data Synthesis and Analysis

The meta-analysis was conducted using RevMan 5.4 and Stata 15.1 software. For continuous outcomes, the mean
difference (MD) with 95% confidence intervals (CI) was used when studies applied the same measurement tool and unit,
whereas the standardized mean difference (SMD) was adopted when measurement units or scales differed across studies
to improve comparability and robustness.'® Between-study heterogeneity was initially assessed using Cochran’s Q test
and the I° statistic; however, the choice of statistical model was primarily based on clinical and methodological
heterogeneity. A fixed-effects model was applied when the included studies were considered to originate from
a common underlying effect with good consistency in population characteristics, exposure/outcome assessment, and
study design. When substantial clinical or methodological heterogeneity was present, a random-effects model was used
even if the I* value was low.' In cases of significant heterogeneity, subgroup analyses and/or sensitivity analyses were
further performed to explore potential sources. When at least ten studies were available for a given outcome, Egger’s test
was conducted to assess potential publication bias.'” If publication bias was detected, the trim-and-fill method was
applied to adjust for missing studies and evaluate the robustness of the pooled effect estimates.'®

Data Sources of Mendelian Randomization

The genetic summary statistics for COPD used in this study were obtained from the FinnGen consortium (Release 12).
The dataset included 24,138 COPD cases and 409,070 controls of European ancestry (phenotype code: J10_COPD).
COPD was defined based on ICD-coded diagnoses in the Finnish national health registries, and the corresponding GWAS
summary statistics are publicly available from the FinnGen database (https://storage.googleapis.com/finngen-public-data-

r12/summary stats/release/finngen R12 J10 COPD.gz). Genetic instruments for H. pylori—related traits were derived
from the serology-based GWAS reported by Butler-Laporte et al, which is indexed in the GWAS Catalog.'® The study
evaluated six H. pylori—related antibody phenotypes in European populations, with corresponding sample sizes as
follows: anti-H. pylori 1gG (n = 8735), CagA (n = 985), Catalase (n = 1558), OMP (n = 2640), UREA (n = 2251),
and VacA (n = 1571). These antibody phenotypes reflect the host immune response following H. pylori colonization and

are widely used as genetic proxies for infection status in the construction of exposure variables in Mendelian randomiza-
tion analyses. To minimize population stratification bias, both exposure and outcome datasets were restricted to
individuals of European ancestry.
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Selection of Instrumental Variables

In the forward MR analysis (H. pylori — COPD), SNPs associated with H. pylori exposure were selected using
a significance threshold of P < 5x10°° based on the GWAS summary statistics of the six antibody phenotypes. In the
reverse MR analysis (COPD — H. pylori), SNPs associated with COPD were selected using the conventional genome-
wide significance level of P < 5x10°%. Linkage disequilibrium (LD) clumping was then performed using PLINK (r* =
0.001, clumping distance = 10,000 kb) to ensure mutual independence among the selected SNPs. Exposure and outcome
datasets were subsequently harmonized by aligning effect alleles to the same reference strand, and palindromic variants
were removed to avoid ambiguity in allele orientation.

Statistical Analysis

The inverse-variance weighted (IVW) method was used as the primary approach for causal effect estimation. To assess the
robustness of the findings, several complementary MR methods were additionally applied, including the weighted median,
MR-Egger regression, Simple mode, and Weighted mode. Heterogeneity was evaluated using Cochran’s Q statistic, while
horizontal pleiotropy was assessed using the MR-Egger intercept and the MR-PRESSO test. A leave-one-out analysis was
further conducted to determine whether the results were driven by any single instrumental SNP. To reduce potential
confounding bias, we used the LDtrait module of the LDlink platform (https://Idlink.nih.gov/?tab=Idtrait) to annotate the
selected SNPs and their high-LD proxies and repeated the analysis after excluding variants strongly associated with

smoking behavior, body mass index (BMI), or alcohol consumption. All statistical analyses were performed in RStudio
(version 4.2.3).

Results

Meta-Analysis of the Association Between Hp Infection and COPD Risk

Study Selection

A total of 1290 records were initially retrieved based on the search strategy, of which 1010 remained after removal of
duplicates. After screening titles and abstracts, 36 articles were selected for full-text review, and 9 were subsequently
excluded (3 without relevant outcome data, 1 duplicate publication, 3 with inappropriate control groups, and 2 with
confounding comorbidities). Ultimately, 27 studies were included in the meta-analysis. The literature selection process is
illustrated in Figure 1.

Basic Characteristics and Quality Assessment

A total of 7159 participants were included across the 27 studies, comprising 4327 patients with COPD and 2832 healthy
controls. Among individuals with COPD, 2258 were H. pylori—positive and 2069 were H. pylori-negative. Of the
included studies, six were cohort studies, twenty were case—control studies, and one was a cross-sectional study. Detailed
characteristics of the included studies are provided in Supplementary Table S1. Quality assessment indicated that the

studies were of moderate to high overall quality (Supplementary Tables S2 and S3).

Higher Prevalence of H. pylori Infection in Patients with COPD Than in Healthy Controls

A total of 17 studies (4209 participants) reported the prevalence of H. pylori infection in COPD patients compared with
healthy controls. Substantial statistical heterogeneity was observed (I = 69%, P < 0.1). Considering both clinical and
methodological heterogeneity across studies, a random-effects model was applied. The pooled analysis showed that the
prevalence of H. pylori infection was significantly higher in patients with COPD than in healthy controls (RR = 1.43,
95% CI: 1.25-1.60, P < 0.00001; Figure 2). Sensitivity analysis indicated that the removal of the study by Lee et al'?
reduced heterogeneity considerably (I = 43%, P > 0.1), while the association remained essentially unchanged (RR =
1.46, 95% CI: 1.34-1.59, P < 0.00001), suggesting that the observed heterogeneity was acceptable subgroup analyses by
region showed consistently higher H. pylori positivity among COPD patients compared with controls in Asia, MENA
countries, and other regions (P < 0.001 for all). As more than ten studies were included, Egger’s test was conducted (P =
0.021), indicating the presence of publication bias (Supplementary Figure S1). Trim-and-fill analysis imputed six

potentially missing studies, and the adjusted pooled estimate under the random-effects model remained statistically
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Figure | Flow diagram of study selection based on the PRISMA guidelines.

significant (RR = 1.165, 95% CI: 1.068—1.272), confirming the robustness of the association between H. pylori infection
and COPD risk (Supplementary Figure S2).

Elevated H. pylori-Related Serological Markers in Patients with COPD Compared with Healthy Controls
IgG

Six studies (1399 participants) reported serum IgG levels in COPD patients and healthy controls. Substantial statistical
heterogeneity was observed (17 = 99%, P < 0.1); therefore, a random-effects model was applied, taking into account clinical
and methodological heterogeneity among the included studies. The pooled analysis showed that serum IgG levels were
significantly higher in the COPD group than in the healthy control group (SMD = 2.08, 95% CI: 0.62-3.55, P = 0.005;
Figure 3). Sensitivity analysis did not identify a clear source of heterogeneity.

CagA

Three studies (497 participants) reported serum CagA levels in COPD patients compared with healthy controls.
Heterogeneity was low (I* = 27%, P > 0.1), and a fixed-effects model was therefore applied. The pooled analysis
demonstrated that serum CagA levels were significantly higher in the COPD group than in the healthy control group
(MD = 15.12, 95% CI: 14.65-15.60, P < 0.00001; Figure 4).

Association Between H. pylori Infection and Impaired Lung Function in COPD

FEV,/FVC

Sixteen studies (3068 participants) reported FEV/FVC values in H. pylori-positive versus H. pylori-negative COPD
patients. Substantial statistical heterogeneity was observed (I* = 95%, P < 0.1), and a random-effects model was therefore
applied. The pooled analysis showed that FEV|/FVC was significantly lower in the H. pylori-positive group compared
with the H. pylori-negative group (MD = —6.75, 95% CI: —9.17 to —4.34, P < 0.00001; Figure 5). Sensitivity analysis did
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COPD Healthy Risk Ratio Risk Ratio
r r Events Total Events Total Weight M-H, Random % Cl M-H, Random % Cl
1.4.1 Asia
Cai SB 2016 204 305 145 305 8.4% 1.41[1.22,1.62] -
Cong ZF 2025 60 80 44 80 6.8% 1.36 [1.08, 1.73] -
Hou JR 2014 83 116 52 116 6.9% 1.60 [1.27, 2.01] -
Lee HY 2016 93 201 210 402 7.9% 0.89[0.74, 1.06] T
Liu M 2020 153 200 69 120 7.9% 1.33[1.12, 1.58] -
Wang J 2009 57 80 23 80 4.7% 2.48[1.71, 3.60] -
Wani UA 2016 39 50 25 50 5.5% 1.56 [1.14, 2.14] -
Xue QS 2014 44 87 4 22 1.3% 2.78[1.12,6.91]
YuT 2015 70 174 56 185 6.0% 1.33[1.00, 1.77] -
Zhang L 2020 50 80 21 80 4.3% 2.38[1.59, 3.57] -
Subtotal (95% CI) 1373 1440 59.9% 1.50 [1.25, 1.79] . 4
Total events 853 649
Heterogeneity: Tau? = 0.06; Chi? = 45.56, df = 9 (P < 0.00001); I = 80%
Test for overall effect: Z = 4.44 (P < 0.00001)
1.4.2 MENA
Dayem AMMA 2023 27 40 24 40 5.3% 1.13[0.81, 1.57] -
Eisa SA 2016 42 65 6 20 21% 2.15[1.08, 4.31] -
Gencer M 2007 39 49 25 50 5.6% 1.59 [1.17, 2.17] -
Hashemi SH 2011 33 90 30 90 4.4% 1.10[0.74, 1.64] -1
Hosseininia S 2022 134 250 106 250 7.7% 1.26 [1.05, 1.52] -
Subtotal (95% Cl) 494 450 25.0% 1.31 [1.11, 1.54] 4
Total events 275 191
Heterogeneity: Tau? = 0.01; Chi? = 5.16, df =4 (P = 0.27); I = 22%
Test for overall effect: Z = 3.23 (P = 0.001)
1.4.3 Other
Elfaizy MW 2023 78 100 55 100 7.4% 1.42[1.15, 1.74] I
Roussos A 2005 99 126 69 126 7.7% 1.43[1.19,1.72] -
Subtotal (95% CI) 226 226 15.1% 1.43 [1.25, 1.64] <&
Total events 177 124
Heterogeneity: Tau? = 0.00; Chi2 = 0.01, df =1 (P = 0.93); 1= 0%
Test for overall effect: Z=5.10 (P < 0.00001)
Total (95% CI) 2093 2116 100.0% 1.43 [1.27, 1.60] L 4
Total events 1305 964 . . .

(TN 2 = . i2 = = 12 = 0, T }
Heterogeneity: Tau? = 0.03; Chi? = 51.59, df = 16 (P < 0.0001); I = 69% 02 05 1 ) 5

Test for overall effect: Z =6.17 (P < 0.00001) COPD Healthy

Test for subgroup differences: Chi? = 1.30, df = 2 (P = 0.52), I = 0%

Figure 2 Forest plot comparing the prevalence of Helicobacter pylori infection between COPD patients and healthy individuals.

COPD Healthy Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean SD Total Mean SD_Total Weight 1V, Random. 95% CI 1V. Random. 95% CI
Cong ZF 2025 116.4 11.72 80 62.32 10.17 80 16.4% 4.91[4.28, 5.53] -
Eisa SA 2016 293 218 65 171 123 20 16.6% 0.60 [0.09, 1.11] -
Elfaizy MW 2023 1205 225 100 623 116 100 16.7% 3.24 [2.82, 3.66] -
Gencer M 2007 93 87 49 34 35 50 16.7% 0.89[0.47, 1.30] -
Lee HY 2016 114.8 116.6 201 109.6 979 402 16.9% 0.05[-0.12, 0.22] "
Roussos A 2005 1183 244 126 619 129 126 16.8% 2.88[2.53, 3.24] -
Total (95% CI) 621 778 100.0% 2.08 [0.62, 3.55] .

Heterogeneity: Tau® = 3.30; Chi? = 488.46, df = 5 (P < 0.00001); I> = 99% ! )

Test for overall effect: Z =2.79 (P = 0.005) 4 -éOPD OHeaItr?y 4

Figure 3 Forest plot comparing serum H. pylori-specific IgG levels between COPD patients and healthy controls.
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COPD Healthy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI IV, Fixed. 95% CI
Cong ZF 2025 3417 2.92 80 18.64 1.35 80 45.6% 15.53[14.83, 16.23] u
Eisa SA 2016 253 18.3 65 124 98 20 0.6% 12.90[6.72, 19.08]
Roussos A 2005 338 34 126 19 15 126 53.8% 14.80[14.15, 15.45] u
Total (95% CI) 271 226 100.0% 15.12 [14.65, 15.60] ¢

Heterogeneity: Chi? = 2.73, df = 2 (P = 0.26); 12 = 27% J ! !

Test for overall effect: Z = 62.26 (P < 0.00001) -10 gOPD OHeaItiy 10

Figure 4 Forest plot comparing serum H. pylori-specific CagA levels between COPD patients and healthy controls.

COPD Hp+ COPD Hp- Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight 1V, Random, 95% CI IV, Random, 95% CI
2.8.1 Asia
Cai SB 2016 54.32 59 140 62.52 6.4 140 6.7% -8.20 [-9.64, -6.76] -
Cong ZF 2025 5247 7.16 60 64.81 4.28 20 6.4% -12.34[-14.95,-9.73] -
Du J 2017 52.8 74 130 659 53 130 6.7% -13.10[-14.66, -11.54] -
Fang GJ 2018 49.18 4.09 133 60.72 7.17 67 6.6% -11.54[-13.39, -9.69] —
Hu CZ 2021 496 5.37 68 56.11 6.13 44 6.5% -6.51[-8.73, -4.29] -
Liu M 2020 5248 717 153 64.82 4.29 47 6.7% -12.34[-14.01,-10.67] -
Xue QS 2014 54.31 5.8 27 62.51 6.5 25 6.1% -8.20 [-11.56, -4.84] -
Yin JH 2015 4951 542 78 56.36 6.84 32 6.3% -6.85[-9.51, -4.19] -
YuT 2015 48.3 6.1 69 55.6 53 105 6.6% -7.30 [-9.06, -5.54] -
Zhang L 2020 4991 7.25 50 63.02 10.17 30 57% -1311[-17.27,-895] —  —
Subtotal (95% CI) 908 640 64.2%  -9.91[-11.63, -8.19] >

Heterogeneity: Tau? = 6.29; Chi? = 61.55, df = 9 (P < 0.00001); I> = 85%
Test for overall effect: Z = 11.28 (P < 0.00001)

2.8.2 MENA
Abdelmagied HI 2019 6594 41 72 6639 86 70 65% -0.45[-2.68, 1.78] B
Eisa SA 2016 589 129 65 605 139 65 55% -1.60 [-6.21, 3.01] — 71
Gencer M 2007 64 8 38 67 7 11 54% -3.00 [-7.86, 1.86] S —
Tabaru A 2012 66.61 1048 49 6719 978 21 53% -0.58 [-5.69, 4.53] Y
Subtotal (95% CI) 224 167 22.6%  -0.96 [-2.70, 0.78] >

Heterogeneity: Tau? = 0.00; Chiz =0.97, df = 3 (P = 0.81); I? = 0%
Test for overall effect: Z=1.08 (P = 0.28)

2.8.3 Other

Ra SW 2017 425 122 179 426 128 824 6.6% -0.10 [-2.09, 1.89] -1
Roussos A 2005 63 4.9 98 63.9 4.6 28 6.6% -0.90 [-2.86, 1.06] AR
Subtotal (95% Cl) 277 852 13.1% -0.51 [-1.90, 0.89] <

Heterogeneity: Tau? = 0.00; Chi2=0.32, df =1 (P = 0.57); I? = 0%
Test for overall effect: Z=0.71 (P = 0.48)

Total (95% Cl) 1409 1659 100.0%  -6.75[-9.17, -4.34] -
Heterogeneity: Tau? = 22.09; Chi? = 273.54, df = 15 (P < 0.00001); 1> = 95%
Test for overall effect: Z = 5.48 (P < 0.00001)

Test for subgroup differences: Chi? = 78.91, df = 2 (P < 0.00001), I> = 97.5%

10 5 0 5 10
COPD Hp+ COPD Hp-

Figure 5 Forest plot of FEV,/FVC comparing H. pylori-positive and H. pylori-negative COPD patients (with subgroup analyses by region).

not identify a distinct source of heterogeneity. Subgroup analysis revealed that the reduction in FEV/FVC was
significant only in studies conducted in Asia (P < 0.00001). As more than 10 studies were included, Egger’s test was
performed (P = 0.307), indicating no evidence of publication bias (Supplementary Figure S3).

FEV,%

Nineteen studies (3387 participants) reported FEV,% in H. pylori-positive versus H. pylori-negative COPD patients.
Substantial heterogeneity was observed (I* = 97%, P < 0.1), and a random-effects model was therefore applied. The
pooled results showed that FEV % was significantly lower in the H. pylori-positive group compared with the H. pylori-
negative group (MD = —9.34, 95% CI: —12.61 to —6.07, P < 0.00001; Figure 6). Sensitivity analysis did not identify
a clear source of heterogencity. Subgroup analysis indicated that this association was significant only in studies
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2.6.3 Other

Elfaizy MW 2023 49.56 12.16 78 88.09 224 55 5.7% -38.53[-41.29,-35.77]

Minov J 2012 56.4 8.4 64 592 10.6 20 5.2% -2.80 [-7.88, 2.28] -1

Ra SW 2017 385 151 179 399 157 824 5.7% -1.40 [-3.86, 1.06] -T
Roussos A 2005 615 189 98 635 179 28 4.5% -2.00 [-9.61, 5.61] — |
Subtotal (95% Cl) 419 927 21.0% -11.26 [-33.36, 10.84] e

Heterogeneity: Tau? = 502.24; Chi? = 429.39, df = 3 (P < 0.00001); I = 99%
Test for overall effect: Z=1.00 (P = 0.32)

Total (95% CI) 1614 1773 100.0%  -9.34 [-12.61, -6.07] <

Heterogeneity: Tau? = 47.20; Chi? = 603.78, df = 18 (P < 0.00001); 12 = 97% f f f y
-20 -10 0 10 20

Test for overall effect: Z = 5.60 (P < 0.00001) COPD Hp+ COPD Hp-

Test for subgroup differences: Chi? = 0.14, df =2 (P = 0.93), I? = 0%

Figure 6 Forest plot of FEV,% comparing H. pylori-positive and H. pylori-negative COPD patients (with subgroup analyses by region).

conducted in Asia (P < 0.00001). As more than ten studies were included, Egger’s test was performed (P = 0.744),
suggesting no evidence of publication bias (Supplementary Figure S4).

FEV,

Seven studies (1845 participants) reported FEV; in H. pylori-positive and H. pylori-negative COPD patients. Moderate
heterogeneity was observed (> = 65%, P < 0.1), and a random-effects model was applied. The pooled analysis
demonstrated that FEV; was significantly lower in the H. pylori-positive group compared with the H. pylori-negative
group (MD = —0.16, 95% CI: —0.23 to —0.09, P < 0.00001; Figure 7). Sensitivity analysis showed that exclusion of the
study by Ra et al*” substantially reduced heterogeneity (I* = 0%, P < 0.1), while the association remained stable (MD =
—0.19, 95% CI: —0.23 to —0.15, P < 0.00001), indicating that the observed heterogeneity was acceptable.

FVC%

Ten studies (2087 participants) reported FVC% in H. pylori-positive and H. pylori-negative COPD patients. Substantial
heterogeneity was detected (> = 95%, P < 0.1), and a random-effects model was therefore applied. The pooled results
indicated that FVC% was significantly lower in the H. pylori-positive group compared with the H. pylori-negative group
(MD = -5.29, 95% CI: —9.76 to —0.81, P = 0.02; Figure 8). Sensitivity analysis did not identify a clear source of
heterogeneity. As ten or more studies were included, Egger’s test was performed (P = 0.858), showing no evidence of
publication bias (Supplementary Figure S5).
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Figure 7 Forest plot of FEV| comparing H. pylori-positive and H. pylori-negative COPD patients (with subgroup analyses by region).
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Figure 8 Forest plot of FVC% comparing H. pylori-positive and H. pylori-negative COPD patients (with subgroup analyses by region).

FvC

Four studies (1295 participants) reported FVC in H. pylori-positive and H. pylori-negative COPD patients. Moderate
heterogeneity was observed (I = 60%, P < 0.1), and a random-effects model was therefore applied. The pooled analysis
showed that FVC was significantly lower in the H. pylori-positive group compared with the H. pylori-negative group
(MD = —0.15, 95% CI: —0.28 to —0.01, P = 0.03; Figure 9). Sensitivity analysis indicated that exclusion of the study by
Tabaru et al*' reduced heterogeneity substantially (/> = 35%, P > 0.1), while the effect estimate remained largely
unchanged (MD = —0.17, 95% CI: —0.27 to —0.08, P = 0.0004), indicating that the heterogeneity was acceptable.

Association Between H. pylori Positivity and COPD Severity

Five studies (1534 participants) compared H. pylori positivity between patients with mild-to-moderate COPD and those
with severe-to-very severe COPD. Substantial heterogeneity was observed (I* = 60%, P < 0.1), and a random-effects
model was therefore applied. The pooled results showed that H. pylori positivity was significantly lower in the mild-to-

COPD Hp+ COPD Hp- Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random, 95% ClI
Hu CZ 2021 251 0.23 68 262 0.25 44  38.4% -0.11 [-0.20, -0.02] i
Ra SW 2017 25 08 179 27 09 824 322% -0.20 [-0.33, -0.07] —
Tabaru A 2012 3.48 0.91 49 311 0.97 21 6.6% 0.37 [-0.12, 0.86]
Yin JH 2015 2.24 051 78 253 048 32 22.8% -0.29 [-0.49, -0.09] - =
Total (95% Cl) 374 921 100.0% -0.15[-0.28, -0.01] -

Heterogeneity: Tau? = 0.01; Chi? = 7.51, df = 3 (P = 0.06); I> = 60%

Test for overall effect: Z = 2.17 (P = 0.03) 05 025 0 025 05

COPD Hp+ COPD Hp-

Figure 9 Forest plot of FVC comparing H. pylori-positive and H. pylori-negative COPD patients (with subgroup analyses by region).
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Figure 10 Forest plot of the association between H. pylori infection and COPD severity.

moderate COPD group compared with the severe-to-very severe group (RR = 0.75, 95% CI: 0.59-0.96, P = 0.02;
Figure 10). Sensitivity analysis indicated that exclusion of the study by Hosseininia et al** markedly reduced hetero-
geneity (P = 10%, P > 0.1), while the association remained stable (RR = 0.69, 95% CI: 0.56-0.84, P = 0.0002),
confirming that the heterogeneity was acceptable.

MR Analysis of the Association Between H. pylori Infection and COPD Risk

Study Overview

This section was designed in two steps. First, we assessed whether H. pylori infection, represented by six antibody-based
phenotypes, had a causal effect on COPD (Step 1, Table 1). Second, we evaluated the reverse direction, examining
whether COPD exerted a causal influence on H. pylori infection (Step 2).

Causal Effect of Hp Infection (Six Antibodies) on COPD

In the Mendelian randomization analysis (Step 1), no evidence of a causal relationship was observed between genetically
predicted H. pylori infection (based on the six antibody phenotypes) and COPD risk. The results were consistent across
all MR approaches, including IVW, weighted median, MR-Egger regression, Simple mode, and Weighted mode. In the
primary IVW analysis, the odds ratios (95% CI) for the six antibodies were as follows: IgG 1.03 (0.97-1.08), CagA 0.99
(0.95-1.03), Catalase 0.96 (0.92-1.01), OMP 1.01 (0.96-1.08), UREA 0.99 (0.95-1.04), and VacA 0.99 (0.96-1.02),
with all P values > 0.05 (Table 1). These findings indicate that H. pylori infection does not exert a significant causal
effect on COPD. Heterogeneity tests and MR-Egger intercepts did not suggest violations of MR assumptions, supporting
the consistency of instrument effects and the absence of directional horizontal pleiotropy. The corresponding MR scatter
plots, forest plots, funnel plots, and leave-one-out analyses are presented in Supplementary Figures S6—S9.

Reverse Causal Effect of COPD on Hp Infection (Six Antibodies)

In the reverse Mendelian randomization analysis (Step 2), no evidence of a causal relationship was found between
genetically predicted COPD and any of the six H. pylori-related antibody phenotypes. The results were consistent across
all MR approaches, including IVW, weighted median, MR-Egger regression, Simple mode, and Weighted mode. In the
primary IVW analysis, the odds ratios (95% CI) for the effect of COPD on each antibody phenotype were as follows: 1gG
0.99 (0.81-1.21), CagA 0.99 (0.75-1.27), Catalase 0.89 (0.72-1.09), OMP 0.98 (0.82-1.17), UREA 1.01 (0.85-1.20),
and VacA 0.86 (0.70-1.06), with all P values > 0.05 (Table 2). These findings indicate that COPD does not exert
a significant causal effect on H. pylori antibody levels. Heterogeneity tests and MR-Egger intercepts did not reveal
evidence of bias, supporting the consistency of the instrumental variables and the absence of directional horizontal
pleiotropy. The corresponding MR scatter plots, forest plots, funnel plots, and leave-one-out sensitivity analyses are
shown in Supplementary Figures S10-S13.

General Criteria for Assessing the Significance of Results

In this study, the IVW method was prespecified as the primary analysis, and multiple testing correction was applied only
across the six main hypotheses per direction. Accordingly, a Bonferroni-corrected significance threshold of o = 0.05/6 =
8.3x107* was used for each direction. A causal effect was considered significant only when all of the following criteria
were simultaneously fulfilled: (1) the IVW P value was below the Bonferroni-corrected threshold; (2) the direction of

10 htps: International Journal of Chronic Obstructive Pulmonary Disease 2026:21


https://www.dovepress.com/article/supplementary_file/578114/Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/578114/Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/578114/Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/578114/Supplementary%20Material.docx

1 72970 9Seasiq Adeuowljng 9ARdNIISO dIUOJIYD) JO [euanof [euoeualu)

:sdyy

Table | Mendelian Randomization Analysis of H. pylori Infection-Related Antibodies on COPD

Exposure Outcome Inverse Variance Weighted Weighted Median MR Egger Simple Mode Weighted Mode
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% ClI) P

1sG COPD 1.03(0.97, 1.08) 0.351 1.01(0.96, 1.07) 0.660 1.03(0.87, 1.22) 0.703 1.03(0.93, 1.13) 0.587 1.00(0.93, 1.09) 0.842
CagA 0.99(0.95, 1.03) 0.755 0.99(0.94, 1.04) 0.640 1.07(0.90, 1.27) 0.494 0.96(0.89, 1.04) 0.431 0.97(0.90, 1.05) 0.491
Catalase 0.96(0.92, 1.01) 0.10 0.99(0.94, 1.04) 0.646 0.96(0.88, 1.04) 0.348 1.00(0.92, 1.08) 0.91 1.00(0.938, 1.07) 0.935
OMP 1.01(0.96, 1.08) 0.63 1.02(0.95, 1.10) 0.577 1.02(0.87, 1.18) 0.845 1.06(0.92, 1.21) 0.445 1.08(0.95, 1.23) 0.299
UREA 0.99(0.95, 1.04) 0.720 0.99(0.94, 1.05) 0.76 0.95(0.84, 1.07) 0.414 0.99(0.92, 1.07) 0.844 0.99(0.93, 1.06) 0.862
VacA 0.99(0.96, 1.02) 0.545 0.99(0.96, 1.03) 0.759 0.97(0.91, 1.03) 0.290 1.01(0.96, 1.07) 0.698 1.00(0.96, 1.04) 0.954
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Table 2 Mendelian Randomization Analysis of COPD on H. pylori Infection-Related Antibodies

Exposure Outcome Inverse Variance Weighted Weighted Median MR Egger Simple Mode Weighted Mode
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
COPD 1gG 0.99(0.81, 1.21) 0.936 0.98(0.75, 1.27) 0.864 0.75(0.50, 1.15) 0.203 1.19(0.71, 2.00) 0.504 0.83(0.62, 1.12) 0.504
CagA 0.98(0.75, 1.27) 0.862 0.88(0.59, 1.30) 0.516 1.01(0.57, 1.79) 0.964 1.24(0.64, 2.40) 0.532 0.90(0.60, 1.34) 0.598
Catalase 0.89(0.72, 1.09) 0.262 1.03(0.76, 1.39) 0.838 0.94(0.61, 1.47) 0.803 0.73(0.41, 1.31) 0.301 1.04(0.74, 1.45) 0.838
OMP 0.98(0.82, 1.17) 0.834 0.90(0.71, 1.15) 0.391 0.93(0.63, 1.37) 0.725 0.80(0.51, 1.27) 0.354 0.87(0.67, 1.12) 0.279
UREA 1.01(0.85, 1.20) 0916 0.83(0.65, 1.06) 0.134 0.92(0.64, 1.32) 0.649 1.22(0.74, 2.01) 0.446 0.85(0.64, 1.14) 0.300
VacA 0.86(0.70, 1.06) 0.154 0.90(0.66, 1.25) 0.538 1.14(0.73, 1.79) 0.568 0.84(0.46, 1.50) 0.553 0.91(0.65, 1.28) 0.601
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effect was consistent across sensitivity methods (weighted median, MR-Egger, Simple mode, and Weighted mode); (3)
no evidence of horizontal pleiotropy was detected (MR-Egger intercept and MR-PRESSO global test both P > 0.05); (4)
heterogeneity based on Cochran’s Q was acceptable; where heterogeneity was present, multiplicative random-effects
IVW estimates were reported; and (5) robustness was further supported by single-SNP, leave-one-out, and funnel plot
analyses. Effect estimates were expressed as odds ratios (ORs) with 95% confidence intervals. All MR analyses were
performed in R version 4.2.3 (http://r-project.org/) using the “TwoSampleMR” and “gsmr” packages.

Discussion

To the best of our knowledge, this is the first study to simultaneously apply both meta-analysis and Mendelian
randomization to evaluate the relationship between H. pylori infection and COPD. The meta-analysis demonstrated
that the prevalence of H. pylori infection was consistently higher in patients with COPD than in healthy individuals, and
that H. pylori—related serological markers were elevated in the COPD population. Among patients with COPD, H. pylori
positivity was associated with poorer lung function and greater disease severity. Although publication bias was detected,
trim-and-fill analyses confirmed the robustness of the association. However, in the MR analyses, neither the forward nor
reverse direction supported a causal effect of H. pylori infection on COPD risk, nor a causal influence of COPD on
H. pylori antibody levels, with consistent results across multiple sensitivity methods. Collectively, these findings suggest
a robust observational correlation but no genetically proxied causal relationship, indicating that the association may be
explained by non-genetic mechanisms, shared risk factors, or disease-related comorbid pathways.

The non-genetic mechanisms underlying the association between H. pylori infection and COPD remain uncertain,
with proposed explanations primarily centered on the “gut-lung axis” and the “multiple-hit hypothesis”.*>** H. pylori is
a microaerophilic Gram-negative curved bacillus with flagella and strong urease activity, features that allow it to persist
in the hostile gastric microenvironment and partially colonize the intestinal tract.>>*® The gastrointestinal microbiota
represents one of the body’s largest immune interfaces and plays a central role in immunological defense, metabolic
regulation, and immune tolerance. A healthy microbial ecosystem modulates T helper cell differentiation, induces B-cell
responses, and promotes the production of cytokines and immunoglobulins, thereby maintaining mucosal homeostasis
and exerting local anti-inflammatory effects.’’*® During H. pylori infection, microbial dysbiosis and the release of
virulence factors can activate systemic inflammatory responses. Circulating inflammatory mediators may subsequently
reach the lungs and, under conditions of impaired anti-inflammatory capacity, contribute to COPD progression through
a “multi-hit” inflammatory cascade.” In addition, COPD is frequently accompanied by chronic hypoxia. Hypoxia and
oxidative stress can disrupt gastrointestinal function, while the long-term use of glucocorticoids or theophylline further
weakens mucosal defense barriers, creating a favorable environment for H. pylori colonization and perpetuating a vicious
cycle between infection and disease progression.”’>° Some observational studies have reported symptomatic improve-
ment and partial recovery of lung function following successful H. pylori eradication in patients with chronic persistent
cough, suggesting its potential involvement in specific inflammatory respiratory phenotypes.’' However, the MR findings
of the present study did not support a causal relationship between H. pylori infection and COPD risk. Given the higher
hierarchy of causal inference embodied in MR approaches, the current evidence does not justify routine screening or
eradication of H. pylori in COPD patients solely for the purpose of improving lung function or slowing disease
progression. Further high-quality randomized controlled trials in COPD-specific populations are warranted to clarify
potential clinical benefits.

Subgroup analyses by region in the meta-analysis further showed that although the prevalence of H. pylori infection
was higher among COPD patients than healthy controls across all regions, impairment in lung function among H. pylori-
positive patients was observed only in the Asian subgroup. Most studies within this subgroup were conducted in China,
where nearly 100 million individuals are affected by COPD, accounting for approximately one-quarter of all global cases.
A meta-analysis conducted in 2024 estimated the prevalence of H. pylori infection in mainland China at 42.8%.%% In
addition, multiple epidemiological studies have shown that the proportion of highly virulent H. pylori strains, such as
CagA-positive or VacA s1/ml variants, is significantly higher in Asian populations than in Western countries.>** These
virulence factors enhance immune activation and systemic inflammation by upregulating mediators such as IL-1p, IL-6,
and TNF-o, thereby imposing an additional inflammatory burden on the airways and lung parenchyma.’>~® Taken

International Journal of Chronic Obstructive Pulmonary Disease 2026:2| https: 13


http://r-project.org/

Xu et al

together with potential non-genetic mechanisms, these observations may explain why H. pylori—positive COPD patients
in Asia exhibited lower lung function than H. pylori—negative individuals. Nationwide retrospective cohort data from the
Korean National Health Insurance database further identified older age (>65 years) and current smoking as major risk
factors for co-occurrence of H. pylori infection and COPD.?’ Other studies have also reported low socioeconomic status
and rural residence as important shared risk determinants.*® These overlapping risk profiles may partially account for the
higher H. pylori positivity observed in COPD patients in observational studies. Therefore, although the present findings
suggest a clinical correlation between H. pylori infection and COPD severity, the lack of genetic causal evidence from
MR analysis indicates that current evidence is insufficient to support routine H. pylori screening or eradication therapy in
the general COPD population. Instead, clinical management should focus on risk stratification and mitigation of shared
environmental or lifestyle exposures among high-risk subgroups.

This study has several limitations. First, although the meta-analysis included data from ten countries and provided
geographically broad coverage, all included studies were observational in nature, generally lacked long-term follow-up
and temporal sequence evidence, and therefore cannot establish causality. Many studies were single-center or small-
sample designs, and residual confounding from key factors such as smoking, environmental pollution, and socio-
economic status could not be fully excluded. Second, due to the limited number of eligible studies, subgroup analyses
by H. pylori detection method could not be conducted. Differences in diagnostic techniques and cut-off values across
countries and regions may have contributed to heterogeneity. Third, the Asian subgroup was predominantly composed of
studies from China, limiting regional generalizability; variations in strain distribution, exposure intensity, and back-
ground infection ecology may influence extrapolation of the results. Fourth, the GWAS sample sizes for several serology-
based H. pylori antibody phenotypes used as exposures in the MR analysis were relatively limited, which may reduce
statistical power to detect modest causal effects and increase susceptibility to weak-instrument bias and false-negative
findings; therefore, the null MR results should be interpreted cautiously. Finally, MR analysis reflects genetic liability to
long-term predisposition to H. pylori infection rather than actual infection status, and our analysis was restricted to
individuals of European ancestry, which may reduce statistical power and limit generalizability to other populations. In
addition, the available instruments may not fully capture heterogeneity in strain virulence.

Conclusion

This study combined a systematic meta-analysis with bidirectional Mendelian randomization (MR) to comprehensively
evaluate both the association and potential causality between Helicobacter pylori (H. pylori) infection and COPD. The meta-
analysis showed a significantly higher prevalence of H. pylori positivity in patients with COPD than in healthy controls,
accompanied by elevated serological markers. Among individuals with COPD, H. pylori—positive patients exhibited poorer
lung function and a higher risk of severe disease. However, the Mendelian randomization analyses using European-ancestry
genetic instruments did not support a causal effect of H. pylori infection on COPD risk, and the findings were consistent
across multiple sensitivity analyses; nevertheless, their generalizability to Asian populations where H. pylori prevalence is
high may be limited. Accordingly, although observational evidence suggests an association between H. pylori infection and
COPD progression, current evidence is insufficient to recommend routine H. pylori screening or eradication therapy in the
general COPD population, given the lack of causal support, unproven clinical benefit for COPD-related outcomes, and
concerns regarding potential effect heterogeneity and antimicrobial resistance. Clinical strategies should instead prioritize
risk stratification and targeted exposure control in high-risk subgroups. Future research should aim to further clarify the
relationship between H. pylori infection and COPD by: (1) conducting large-scale, multi-regional prospective cohorts and
multicenter randomized controlled trials to evaluate the impact of H. pylori eradication on exacerbation rates, lung function
decline, and quality of life; (2) applying standardized diagnostic criteria for H. pylori and GOLD-based COPD classification
with rigorous control of key confounders such as smoking, air pollution, BMI, and socioeconomic status; (3) strengthening
stratified analyses and incorporating H. pylori virulence typing alongside host genetic susceptibility profiles; and (4)
establishing reproducible biomarker spectra and mechanistic evidence chains within the framework of the gut-lung axis.
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